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BACKGROUND OP the tuu^^ 
1 - Reld of thA ir»/onH»n 

This invention relates to a method and apparatus for obtaining sample, 
of interstitial fluid for diagnostic purposes. ng mples 

- * 

Discussinn of thft Art 

• - - ; 

A, ,h« I"" T" 0 " 08 °' dlabe,eS haS inCTea *9 markedly in the worta 

Unfed States ,s over 16.000.000. Diabetes can lead to numerous 
compters, such as. lor example, retinopathy, nephropathy, and neuropathy 
. . The most tmportant factor lor reducing diabetes-associated odmplioations 
- he marntenance 0, an appropriate level of glucose in the blood stream The 
marntenance of the appropriate level of glucose in the blood stream mZ 
prevent and even reverse many of the effects of diabetes 

Glucose monitoring devices of the prior art have Operated on Ih* 
neeoTo X ,al 7 A bl0Ki <""" a " *•*"**» ^ avadety of methods, such as by 
me 0^" r .' n * id r ^ CM,S » *~ *» -nying chemistry JL 

measwelni T° " ^ *" »*• "lood glucose meter for 

measurement of glucose concentration by determination ol change in 
reflectance. . 

the levlTr re H n r erOUS deViCeS CU,Tent,y aVaHab,e f ° r diabelics to 
the ,eve. of blood glucose. The best of these devices require the diabetic to 
pnck a hnger and to collect a drop of blood for placement on a strip, Which is 
.nserted ,nto a monitor that determines the level of glucose in the blood 
Pnck^one's finger tends to be painful. Moreover; a relatively large wound is 
the^n 1 " ^^^^evic,, typical a lancet or a needle "t i'knoWn thl 
«* pa,n ansing from the finger prick deters diabetics from compliance with the 
mon,to nng regimen. Lack of compliance increases the risk of complications 
due to d,abetes. Thus there is a need for a more pain.ess and less traumatic 
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means of collecting biological samples for monitoring one's level of glucose in a 
biological fluid. 



SUMMARY OF THE INVENTION 



This invention provides a method and apparatus for obtaining a sample 
of interstitial fluid from a patient for subsequent diagnostic tests, e.g., glucose 
monitoring. It is believed that the concentration of glucose in interstitial fluid is 
correlated to the concentration of glucose in blood. In one aspect of the 
invention, the miethbd comprises the steps of: 



(a) treating an area of the skin with vacuum or heat or both vacuum 
and heat to increase the avaiiablity of interstitial fluids at that area of the skin; 

(b) forming an opening in the treated area of the skin; and 

(c) . extracting the sample of interstitial fluid from the opening in the 

skin, with the aid of vacuum and stretching of the skin ? 

* * i - 

■ 

Step (b) is preceded by the step of increasing the availability of biological fluids 
in the portion of the skin from which the sample is to be extracted. 

In one embodiment, the availability of biological fluids in the area of the 
skin from which the sample is to be extracted is increased* preferably by means 
of a vacuum, which is applied to the surface of the skin in the vicinity of the 
opening prior to forming the opening in the skin. The vacuum causes the 
portion of the skin in the vicinity of the interstitial fluid extraction site to become 
engorged with biological fluids, i. e. t blood and interstitial fluid. The vacuum 
also causes the portion of the skin in the vicinity of the interstitial fluid extraction 
site to become stretched. 

An opening in thfe stretched portion of skin can be formed with a cutting 
device, e. g. : , a rotating lancet, a rotating drill, or other device capable of forming 
an opening in the skin, e. g., a laser. If a cutting device is used to form the 
opening, it must be retracted from the opening prior to the step of extracting the 
sample of interstitial fluid from the opening. This refraction will allow the 
unrestricted flow of interstitial fluid through the opening. After the opening is 
formed, a vacuum is preferably used to aid in extracting this sample of interstitial 
fluid from the opening in the skin. 
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The sample on be .walked fro, n «,„ urops of ,- r , ters , sti _, „, .„ ,. , „ 
on .he surface of the skin a, ,he site of the opening by 

such a manner, e. g.. via a capillary tube, thai „ can tei^ " 1 
convenflona. diagnosfc devices, such as, to example, a biosensor ,„ anotn „ 
preferred embodiment, the sample can be collected in a collccZ Jl 
in.egra.ed vrfth a conventional rfegnb* dev^ e. g, * 
In another embodiment of the method of this invention the available. / 

« 2 ~ »y means „, applying .henna, energy fotha, area J" 6 
thermal energy causes the interstitial fluids In that area of the skin m nZ 
rapk,*. thereby a»o w ing more Necs*la. fluid to be c^^Tj^ 

2 e 1" ^ *r iV ° emb0din,0n '' ?fepS -*» * *-*^me 
same manner as they were earned out m the embodiment Where a vaouu* W 
5 used to treat the skin prior to forming the opening. . • 

In another aspect oflhe invention, an aooaratni w ™n~.- 
in.erst.a, fluid tor anafysis « 
embodiment, the apparatus comprises:/ preferred, 

• . ■ • . • - ■ : .- , • • . . ■ 

3 (a) a housing; 

fromww'h 'v"** "* ' 0rmin ° uhobslnJ <** 1 opening in ah ama of akin 
from w,«h sa,d sample is l0 be extracted, preferably a rotating dri „ o, a rotating 

(c) a vacuum pump. 

■ ■. 

It is also possible to dispense with the housing. However, the housing is 

preferred for the convenience of the patient and the protection of the 
components. 

or a rnt^ T UMm ^ ^"9^9 device, e! g., a rotating drill 
or a rotafng lancet, require a source of power. If the apparatus includes a : 
hou S ,ng, the source of power can be disposed within the housing. Alternatively, 
the source of power can be external to the housing. 

_ The preferred device for forming an unobstructed opening in the area of 

I^^Tk^ T SamP ' e * ln,erStltial f ' Uid " t0 bG eXtracted is a 'ancing 
assembly, wh,ch preferably comprises a rotating drill or a rotating lancet for 
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forming an opening in the skin. Alternatively, the unobstructed opening in the 
skin can be formed by a laser. 

The vacuum pump can serve the dual purposes of (1) stretching the skin 

. and (2) enhancing the extraction of the sample of interstitial fluid from 

• ■ ... 

5 unobstructed opening in the skin. Preferably, the vacuum pump can serve the 
purposes of (1) stretching the skin, (2) increasing the availability of biological 

fluids to the area of the skin from which the sample is to be extracted, (3) jr 
holding the skin in precise position for accurate cutting by means of a cutting | 
tool, and (4) enhancing the extraction of the sample of interstitial fluid from the | 

10 unobstructed opening in the! skin. Preferably, the housing further I 

...... . • ... ■ ■ ■ • • . # 

electronics having programmed instructions to switch the vacuum pump on and § 
off to maintain the desired level of vacuum. f 
The apparatus preferably contains a motor for driving the rotatinjg drill br I 
rotating lanceit, valves, such as, for example, solenoid valveis, for releasing the | 
15 vacuum at the conclusion of the interstitial fluid extraction procedure. The I 
apparatus can optionally contain a heating element to increase the availability 
of biological fluids to the area of the skin from which 
extracted. The apparatus can also contain a glucose detector integrated 
the apparatus, e. g., a biosensor, to analyze the sample of interstitial fluid 

2 0 collected by the apparatus; 

■ * . . . ■ ■ ■ * ■ ■ *. * 

The method and apparatus of this invention provide several advantages 
over the methods and apparatus of the prior art. First, a sufficient amount of 
interstitial fluid for conducting glucose monitoring tests can be extracted from 
parts of the body. Thus, by rendering parts of the body suitable for extracting 

2 5 interstitial fluid, the use of a painful finger lance for extracting blood can be 

avoided. Second, by increasing the availability of biological fluids at the site | 
where the interstitial fluid is to be extracted, the period of time required for 

extracting the sample can be reduced. Because of these advantages, the • 
diabetic patient is more likely to monitor glucose levels in a biological fluid at 

3 0 the intervals prescribed by his doctor. 

- .- • • : ■ 

.... . 

• - 

BRIEF DESCRIPTION OF THE DRAWINGS 

■ ' 

* " * 

3 5 FIG. 1 A is a plan view of an opening, greatly enlarged, in the stratum 

* ♦ ♦ ■ 

corneum formed by a rotating drill. 

4 
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FIG. 1 B is a plan view of an opening, greatly enlarged , in the stratum 
comeum formed by a rotating lancet. 

FIG. 2 is a plan view of the components of a preferred embodiment of the 
apparatus of this invention. In this figure/the cover of the housing is removed 

FIG. 3 is a schematic diagram illustrating how a vacuum causes a portion 
of the skin to become stretched prior to the formation of an opening in the skin 
from which the sample of interstitial fluid is extracted. FIG. 3 also illustrates the 
spatial: relationship between the nosepiece of the lancing assembly and a 
glucose detector, e.g., a biosensor. 

FIG. 4 is a block diagram illustrating the electronics of the preferred 
embodiment. 

FIG. 5 is cross-sectional view of a lancing assembly suitable for use in 
this invention. 

FIGS. 6A, 6B, and 6C are schematic diagrams illustrating the position of 
the lancet relative to the surface of the skin prior to, during and after the lancing 
step of the method of this invention. 



DETAILED DESHRIPTinM 

! ' — : — t~ — * 

As used herein, the expression "interstitial fluid" means the substantially 
clear, substantially colorless fluid found in the human body, which occupies the 
space between the cells of the human body. The term "drill" means an '. 
implement with cutting edges or a pointed end for boring holes in the skin, 
usually by rotating abrasion. The term "lancet" means a medical implement 
having a multi-faceted blade. 

The embodiments of this invention require the following steps to carry out 
the function of obtaining a sample of interstitial fluid for carrying out a diagnostic 
test, e. g., glucose monitoring: 

(a) treating an area of the skin with vacuum 6r heat or both vacuum 
and heat to increase the availablity of interstitial fluid at that area of the skin- 

(b) forming an opening in the treated area of the skin; and 

(c) extracting the sample of interstitial fluid from the opening in the 
skin, with the aid of vacuum and stretching of the skin. 
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In the preferred embodiment of this invention, step (b), the step of forming 
the unobstructed opening, is preceded by the step of increasing the availability 
of interstitial fluid at the area of the skin from which the sample is to be 
extracted. The availability of interstitial fluids at a given area of the skin can be 

increased by at least two methods. In one method, a vacuum can be^ used to 

• . ■- - ■ ■ ■ ... . • . , 

cause interstitial fluid to pool in the area of the skin where the vacuum is 
applied. In another method, heat can be used to cause interstitial fluid to flow 
more rapidly in the area of the skin where heat is applied, thereby allowing a 
greater quantity of interstitial fluid to be extracted from the interstitial fluid 
extraction site per unit of time. The combination of yiacuum and heat can also 
be used. 

. - ■ . . ■ 

Elements for increasing the availability of interstitial fluid at an interstitial 

fluid extraction site that are suitable for use in this invention include, but aro not 

■ ■ * ■ * 

limited to, a vacuum pump, a localized heating element, skin stretching element, 
and chemicals.* As stated previously, applying a vacuum to the area of the skin 
from which Interstitial fluid is to be extracted can increase interstitial fluid 
availability under and within the skin at the application site. The vacuum can 
also be used to stretch the skin upwardly into a chamber, thereby increasing 
pooling of interstitial fluid under the skin. Tliis corribination of vacuum and skin 
stretching can also be used to extract interstitial fluid from the opening in the 
skin. It is well-known that heat can increase perfusion on the large scale of a 
limb. Chemical meaqs, such as histamine, can be used to cause a 
physiological response to increase perfusion under and within the skin. 

The step of forming an unobstructed opening in the area of the skin from 
which the sample of interstitial fluid is to be extracted is carried out by a cutting 
device or some other type of device capable of forming an unobstructed 
opening in the skin. Cutting devices suitable for this invention include, but are 
not limited to. mechanical lancing assemblies. Mechanical lancing assemblies- 
suitable for use in this invention, include, but are not limited to, rotating operiing- 
forming devices, such as, for example, rotating drills and rotating lancets. 
Rotating devices are particularly preferred because the depth of cut obtained 
from these devices is more controllable than the depth of cut obtainable from 
conventional lancets. The skin is very elastic and will deform when struck by 
the lancet. The lancet will penetrate the skin, but the depth of penetration is not 
easily controllable because this deformation of the skin is not reproducible. 
Conventional lancing devices are designed to penetrate much deeper than 
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Hm^r 0 °' ^ Vartab " i,y " ******* of the sttn , 0 kmc™ a 

lancet need onty penetrate from 0.2 to 0.5 mm in,o the skin to reach the ctoiten, 
loops o, the skin* derma, ,aye, The standard depth of tance, penVtSTe 

°">°"™ ^capillaries are reached Ute fance, L, be "red 
much daepe, man theoretically necessary. The doplh settj 0( ^ " 

penelratron maybe deeper than the preferred 0.2 mm to 0.5 mm becadserhk 
stan deforms when it is contacted by this rotary drill or. lancet. 2 ^ImL 

tokes m o account a combination of factors including deformation ™d del of 
penetabpn rnto ,he skin. Thus, a convemionaJ lancing device canno, Be t^, • 
to ratably make the shallow openings in the skin that would be neceaTrvT 
obtain interstitial fluid without penetrating ,b the dermal layer and ob,ainI : : 
blood. Rotating the lancet or using a drill bit to fonn the opening in, ho sSrm ' 
— ™ ».">-* * <°"*>g a shrdlow opening, The a Zro7£? 
wtth a cuhrng too. is known to form openings in materials by abradin 2 " 
surface o, me material, By utilizing ronton wkh a lance, or drill, a shallow 
opening can be formed reproducibly in the skin, .hereby allowing the internal, 
fluid , o be obtained wkhou. comamine.ion by blood. The formation o, an 
^n,ngin », e stratum ccmeum that does no, reach ,he dermis has me added 
benefrt of bemg painless, Tho nerve endings are located in , he derma, layer 
and cooseguenUy, „o pain response is. encountered i, the dermal layer is no, 
abraded. R„,a«ng devices can be closely controlled by specifying , he following 



parameters: 

/!) 0) depth setting; 

(2) revolutions per minute setting; 

(3) diameter of drill bit setting; 

(4) duration of drilling. 



■ . ■ ■ ■ . ■ 

The depth of cut must be sufficiently great to penetrate the stratum comeum, but 
must also be sufficiently low to avoid piercing capillaries. With respect to 
revolufons per minute, this setting must be sufficiently high to avoid inducing 
pa.n ,n the patient, but must also be sufficiently low to avoid burning the flesh of 
the pat.ent. The diameter of the drill bit must be sufficiently large to bore an 
openmg or openings of sufficient diameter to allow extraction of at least about 
0.25 m,croliters of interstitial fluid within about five minutes or less, but must be 
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sufficiently small so that the opening or openings bored will be of low enough 
diameter to heal within about seven days, preferably about four days, more 
preferably about two days. The application of time setting must be sufficiently 
high to ascertain that the proper depth is reached but must be sufficiently tow 
that only the stratum corneum is pierced and at most an insubstantial amount of 
capillaries are pierced. Representative examples of settings suitable for use 
with a rotating drill are as follows: 



Parameter setting 


Acceptable range 


Preferred range 


Depth ; 


« 

0.1 - 2.0 mm 


0.8-1.1 mm 


Revolutions per minute : 


50 -10,000 rpm 


1500 - 1800 rpm 


Diameter of drill bit 


0.2 -2.0 mm 


0.7 mm 



Rotating drills are sometimes preferred over rotating lancets because rotating 
drills form an opening of the type shown in FIG. 1 A, whereas rotating lancets 
form an opening of the type shown in FIG. 1B, In both FIGS. 1A and 1B, the 
letter *S* represents the skin, and the letter "O" represents the opening in the 
skin. 

Other types of devices capable of forming an unobstructed openihg in the 
skin include, but are not limited to, lasers. Lasers suitable for forming ah 
unobstructed opening in this skin to draw blood are also well-known in the art. 
See for example, U. S. Patent Nos. 4,775,361, 5,165,418, 5,374,556, 
International Publication Number WO 94/09713, Lane et al (1984) IBM 
Research Report - "Ultraviolet-Laser Ablation of Skin*, and PCT/US96/13865, 
all of which are incorporated herein by reference. Lasers that are suitable for 
forming an unobstructed opening in the skin the skin include ErrYAG, Nd:YAG, 
and semiconductor lasers. Other types of devices capable of forming an 
unobstructed opening in the skin can be used, and this disclosure should not be 
construed so as to be limited to the devices listed. 

Regardless of what type of device is utilized to form an unobstructed 
opening in the skin, the opening formed by the device must be unobstructed. 
As used herein, the term "unobstructed* means free from clogging, hampering, 
blocking, or closing up by an obstacle. More specifically, the expressions 
"unobstructed opening, in the area of the skin from which the sample is to be 
extracted", "unobstructed opening in the skin", and the like are intended to 
mean that the portion of the opening below the surface of the skin is free from 
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any foreign object that would clog, hamper; blocker close up the opening such 
as. for example, a. drill bit from a rotating drill or a lancet from a rotathg tahcet 

r^T' k ***** ** 18 US6d ^ drill bit must £ 

retracted from the opening prior to the commencement of the extraction of 
.nterstitial fluid. Because lasers do not require contact with the skin to form 
open,ngs in the skin, this type of device typically provides unobstructed 
openings However, these expressions are not intended to include foreign 
objects ;a, the surface of the skin or above the surface of the skin. such^o r 
example, a glucose monitor, e. g., a biosensor strip, In addition the 
requ,rement of an unobstructed opening exposes the body to a'foreign object 
e,ther not at all or for only a vory short period of time, which is welcomed 'y^e 

jJClllwlll, 

_ The step of e^^^ 

the sk,n ,s preferably earned out by a combination of extraction enhancing 
elements. Extraction enhancing elements suitable for use in this invention 
include, but are not limited to, vacuum, skin stretching elements, and heating 
elements. It has been discovered that when these- elements are used in 
combination, the volume of interstitial fluid extracted is greatly increased 
parteularly when a vacuum is applied in combination with skin stretching In 
th.s comb,nation,the vacuum not only causes the interstitial fluid to be rapidlv 
removed from the unobstructed opening by suction, it also causes a portion of . 
the sk.n ,n the vicinity of the opening to be stretched Stretching of the skin can ' 
be effected by other means, such as mechanical means or adhesives 
Mechanical means include devices for pinching or pulling the skin; adhesives 
bnng about stretching of the skin by means of pulling. It is preferred to use a 
vacuum to effect stretching of the skin. Like a vacuum, a heating element 
operates more effectively in combination with other techniques, e. g., stretching . 
of the skin. It is also possible to combine vacuum with heating or to combine 
vacuum with heating and skin stretching. 

In the prefened embodiments of the invention, the extracted interstitial 
Hu.d ,s also collected. The step of collecting the sample of interstitial fluid can 
be earned out in a variety of ways. For example, the interstitial fluid can be 
collected in capillary tubes or absorbent paper. Alternatively, the interstitial fluid 
can be allowed to remain in the interstitial fluid collection chamber, from which it 
canusedd.rectly in a diagnostic test. Most preferably, the sample of interstitial 
Hu.d ,s collected on the application zone of a glucose detector, from where it can 
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be used to provide an indication of the concentration of glucose in the blood. 
As stated previously, it is believed that the concentration of glucose in interstitial 
fluid is correlated to the concentration of glucose in blood. Regardless of the 
manner in which the interstitial fluid sample is collected; the sample can be 
. 5 analyzed at a time iater than the time of collection or at a location remote from 
the location of collection or both. 

A preferred embodiment of the invention will now be described in detail, 
referring now to FIG. 2 r interstitial fluid extraction device 10 comprises a housing 
12. Disposed within the housing 12 are a vacuum pump 14, a lancing 
1 0 assembly 16 containing a rotating drill (not shown), a battery 18, and electronics 
20. A switch 22 is provided to activate electronics 20. A motor (not Shown) is 
provided to operate the rotating drill of the lancing assembly 16. 

The housing 12 is preferably made from a plastic material. It is. preferably I 
of sufficient size to contain all of the components that are required for forming an f 

1 5 unobstructed opening in the area of the skin from which the sample of interstitial 

fluid is to be extracted, extracting the sample 

unobstructed opening in the skin, preferably with the aid, of a vacuum and a 

. . - ■ ' • * * * ■ * . *■ * . • - . . ■ . . ■ ■ 

stretching of the skin* and collecting the extracted sample in an amount 

• • ■ . , . ■ * . _ , 

sufficient to carry out a diagnostic test. Methods of preparing the housing 12 are 

2 0 well-known to one of ordinary skill in the art. As stated previously, the housing 

12 is not required, but is preferred for the convenience of the patient and ther .'•*-.«' 
protection 6f the components. 

The vacuum pump 14 must be capable of providing a vacuum that wi|l \ 
provide sufficient suction to stretch the portion of the skin in the region from 

2 5 which the sample of interstitial fluid is to be extracted. Typically, the portion of 

stretched skin is raised a distance of 1 to 10 mm, preferably 3 to 5 mm, from the ^ 
plane of the body part of which it is a portion. As the suction provided by the I 

vacuum purrjp 14 is stretching the appropriate portion of skin, the suction ,£ 

• ' ' • - . * • . 

provided by the vacuum pump 14 also causes the stretched portion to become 

3 0 engorged with interstitial fluid. The level of suction provided must be sufficient 

to cause a relatively large volume of interstitial fluid to become engorged at the 
point that the vacuum is applied. The vacuum pump 14 must also be bapable of 

providing sufficient suction to extract interstitial fluid from the opening in the skin } 

at a rate sufficient to extract at least 0.25 jiL of interstitial fluid within a period of | 

3 5 five minutes, preferably within a period of two minutes. A vacuum pump 14 that \ 

is suitable for the device of this invention can be a diaphragm pump, a piston i 

■ » • * * ' * f 

- 

10 

' v 

. ■ _ ■ . • ; 
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pump, a rotary vane pump, or any other pump that will perform the required 
functions set forth previously. Typically, the vacuum pump 1 4 employs a self- 
contained permanent magnet DC motor, Vacuum pumps that are suitable for 
this invention are well-known to those of ordinary skill in the art and are - 
commercially available. A vacuum pump suitable for use in the present 
invention is available from T-Squared Manufacturing Company, Nutley, N J and 
has the part number T2-03.08.004. • ' 

• • • . * 

The vacuum pump 14 is preferably capable of providing a pressure of 
down to about -14,7 psig, and is more preferably operated at from about -3 0 
psig to about -10.0 psig. The area of the skin subjected to vacuum preferably 
ranges up to about 50 cm2, more preferably from about 0.1 to about 5.0 cm* 
The period of vacuum application prior to forming the opening in the skin, I e 
for increasing the availability of interstitial fluid to the application site, preferably 
ranges up to about 5 mingles, preferably from about 1 to about 60 seconds 
The period of vacuum application subsequent to forming the opening in the 
skin, i: e., for aiding in the extraction of interstitial fluid from the unobstructed 
opening, preferably ranges up to about 5 minutes, preferably from about 1 to 
about 120 seconds. The Vacuum provided by the vacuum pump 1 4 can be 
continuous or pulsed. A continuous Vacuum is preferred for the reason that it 
requires fewer components than does a pulsed vacuum. It is preferred that the , 
vacuum applied not cause irreversible damage to the.skin. It is preferred that 
the vacuum applied riot produce bruises and discoloratibns of the skin that 
persist for several days. It is also preferred that the level of vacuum applied and 
duration of application of vacuum not be so excessive that it causes the derrhis 
to separate from the epidermis, which results in the formation of a blister filled 
with fluid. 

The lancing assembly 1 6 preferably comprises a rotating cutting element, 
preferably a rotating drill or a rotating lancet. See FIG. 5. In the case of a drill, 
narrow gauge (28 to 30 gauge) drill bits are preferred. Drill bits and lancet 
3 0 needles suitable'for this invention can be made from metal or plastic. The depth 
of penetration of the rotating cutting element preferably ranges from about o: 1 
mm to about 1 .5 mm, more preferably from about 0. 1 mm to about 1 .0 mm. 

Lancing assemblies utilizing a rotating Cutting element as described 
herein have never been used in the art. Any lancing assembly selected should 
operate in conjunction with the other features of the apparatus of this invention. 
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* . m • " 

Po, «amp|e, * a vacuum is employed, the land™, assembly must be designed 
so that a vacuum can be termed and drawn through the assembly 

The vacuum pump 14 is connected lo (he lancing assembly" 16 by an 

„tr U l P T ,4iS ~ *> »° ovacuatton ,ube 24. The eval^ 
lube 24 ,s typrcaHy made from a polymeric material A check valve 26 is placed 
berween the vacuum pump 14 and the lancing assembly 16 at a point m S» 
evacuahoritebe 24 to prevent air removed torn me lancing assembly 

0 affecting the vacuum. y 
rot^ 

rotating cutting element can be disposed within the housing 12. A source of 

device th. S Wentipn is a ^att^ ll A,temS^„ 
5 mot Tk T k P0W6r ^ ^ vacuum pump 14 and the 

the electronics 20. which, in turn, is actuated by the switch 22 

The function of the electronics 20 is to switch power on and off to operate d" 

Lmited to, the vacuum pump 14. The electronics 20 can abb be use to switch ; 
power on and off to operate components in alternative embodiments, e. g 
heating elements, lancing assemblies, indicating. devices, motors, and vaives 
Electronics suitable for this invention is the TATTLETALE MODEL 5P 
controller/data logger, commercially available from Onset Computer 

T MaCArthUr B,Vd R °- B ° X 345 °' PdCaSSet ' Massachusetts 
025o9-3450. Auxiliary electronic devices, such as power transistors, pressure 

monitors, and OP-Amps (operational amplifiers), may also be required in order 
to provide an interface between the controller and the operational components. 
All ^electronics required for this invention are well-known to one of ordinary skill 
»n the art and are commercially available. Auxiliary electronic devices suitable 
for use in this invention include the components listed in Table 1 
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Table 1 



Component 
Mosfet Drivers 

Op- Amp 



Status LED 



Source 
International Rectifier 
El Segundp; CA 

National Semiconductor 
Santa Clara. CA 



Pressure Sensor 



Motor 



Hewlett-Packard 
Newark Electronics 
Schauroburg, IL 
Sensym, Inc. 
•Milpitas; CA 

PortescapU. S. Inc. 
Hauppage NY 



Catalog N urhW 
IRLD024 

LM358 
HLMPD150 



SDX15D4 



ESCAP 2Z 



FIG. 4 illustrates by. way of a block diagram how the foregoing electronic 
5 COm P° n ^ can be 

aescnbed. Refemng now to FIGS 2 3 4 5 ra rr ^ 

n f iiu. • i- ' °' ^- °» • wv;6B, and 6C F the nosebiem in 

'0 equipped™* ^ 

q ppea with a seal 32. The purpose of the seal 32 is to prevent alp from 

* Mere*, „ uIi) „n chamber 34. so the, LZZ^L U 

th. ^ ? ' r0m ,he sam P' 8 fe •» <* 'extracted stretch!™ 

sample of in , 9[sl|lja| (rom 

to TT"* a * ,WS Conmunte "to" the surface of 

seal 35 Its preferably made ol a rubbe, or an elastomer* material 
20 the e Jl"*20 » <**<9 tossed, thereby activating 

*S!. a SUC " 0n aC " 0n - ™» action of the vacuum pump ,4 

... causes the sktn crcumscribed by the seal 32 to become engorged with 
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interstitial fluid. Engorgement of the skin with interstitial fluid is accompanied by 
a stretching of and rising up oHhe skin up to opening 33. 

After an appropriate period of time, which is typically pre-set by the 
programmer of the electronics, the lancing assembly 16 is actuated, thereby 
causing the rotating cutting element 36 to first rotate at the proper rotational 
speed and then to abrade the skin that has risen up to the opening 33. The 
rotating cutting element 36 is caused to rotate at the proper rotational speed 
prior to being allowed to abrade the skin. The rotating cutting element 36 is 
then retracted, preferably automatically. Thereupon, the interstitial fluid flows 
out of the unobstructed opening resulting from the rotating cutting element 36, 
and, aided by the vacuum generated by the vacuum purhp 14, is collected. 
When sufficient interstitial fluid has been collected or -'a pre-set time interval has 
passed/ the electronics 20 causes the vacuum pump 14 to stop. The device 10 
can then be removed from the surface of the skin after another solenoid valve 
(not shown because it is hidden under solenoid valve 38) is opened to vent the 
vacuum to allow ease of removal of the device from the surface of the skin. 
Solenoid valves suitable for use with the apparatus described herein are 
commercially available from The Lee Company, Essex, CT and have the part 
number LHDA051 111 JK. 

Referring now to FIG. 5, in embodiments utilizing a rotating lancet, the 
lancing assembly 1 6 preferably has a drive system 4p to bring about rotation of 
the lancet 36, a spring 42 to drive the lancet 36, and a release button 44 to 
allow the rotating lancet 36 to be released, whereby the rotating tencet 36 can 
penetrate the skin. The drive system 40 includes a clutch 46 to disengage 
when the rotating lancet 36 is projected upon actuation of the release button 44. 
In embodiments utilizing a rotating drill bit, the spring 42 and the release button 
44 are riot needed; 

FIGS. 6A, 6B, and 6C illustrate schematically the positioning of the lancet 
assembly 50 of the apparatus of this invention before, during, and after the 
formation of an unobstructed opening in the skin for the purpose of obtaining 
intestitial fluid. FIG. 6A shows the position of the lancing assembly 50 before 
formation of the opening; FIG. 6B shows the position of the lancing assembly 
50 during formation of the opening; FIG. 6C shows the position of the lancing 
assembly 50 after formation of the opening. In FIGS. 6A, 6B, and 6C, the lancet 
of the lancing assembly 50 is designated by the reference numeral 52 and the 
lancet holder of the lancing assembly 50 is designated by the reference 

■ 
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humeral 54. ,n FIGS. 6A and 6B. the direction of rotation of the rotation . - 
indicated by the arrow "2". stating lancet is 

The interstitial fluid is preferably directly collected on the a DD | icfl Ko 
of a glucose detector, e. g., a reflectance strip or biosensor fnZt 
can then be used as the samnU , 77,6 WW 



the concentration of ntn™** ;k»^.u:_. «. . . ... correlated to 



• ■ * 

The apparatus of the present invention can include a glucose detent , 
analyz^fte tluia san^pb obtained by the apparatus, GatcScS Z 
we -Known « me an. mimfmfi ^'^,^1 
categones of glucose detectors - optica, detectors, e. g., reftectdmeter, ' 
tectoochem.ca. detectors. e.g.. biosensors. Representative exampteoT 
n*c,ome,ers suitabie this hvention are described in U. S. Pa,enX 
W27.445, .ncorporated herein by reference. . Representative example** 

S,Wabl9 "* lhfe I*-* - *-*edlnU.S,Pa,en,No 
. 5.509,410, incorporated herein, by reference ' . . . . 

The glucose detector is preferably disposed in or near the ndsepiece 30 
of»e ,a„c,ng assemWy ,6. The glucose defector reus, be iocated a, Iptstto 
suftoentt, close to .he site of fluid extraction so .hat the quantHy of exfrecS 

«S V """ P ' e,erably be n ° more tha " 5 "°«. 'he site of 

exirecon most pra ,ereb,y no more than 1mm from me site of fluid extraction 
Care must be taken in , he placemen, of the glucose detector so that the de.Tc.or 

extract™ of tad. In addition, ,he giucosa defector 60 can be modified, if 
necessary. "T^ffimH^ci^^i,^^^ . 
glucose detector is capabte of being used ,o activate the glucose detector; 

FIG. 3 also illustrates a manner for disposing a glucose detector 60 in the 
noseprece 30 of the landhg assembly 16. 

device JIT .r 6 "" 0 " Pr ° VideS nUme '° US a * a ^iW extraction . 
dev,ces of .he pnor art. Among Ihese advantages are the following: 
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... 

t » 

1 . Ability to use numerous parts of the body as a site for the 
extraction of interstitial fluid; 

2. Reduction of pain by eliminating the need to lance the finger; 

3: Increase in speed of collection of fluid samples by means otpre- 
5 treatment comprising a combination of stretching of the skin in conjunction with 
heat or vacuum or both heat and vacuum; : 

* ■ .■ • • • 

"4. Incorporation of glucose detector in apparatus for extracting the 
fluid sample. 

•*-... 

■ 

0 The following examples illustrate various features of the present 

invention but is not intended to in any way limit the scope of the invention as set 
forth in the claims; 



EXAMPLES 

■* '*..«■ 

■ - . . . 1 ■ 

Example 1 

• • ■ : . " • '* ■ • ■ ■ ' • 

• " • ' : ' " ' ' " ' ' • • 

This example illustrates that application of vacuum prior to formation of 
the opening as well as after formation of the opening results in a greater volume 
3 of interstitial fluid obtained than does the application of vacuum only after 
formation of the opening. 

t - 

The apparatus included a small drill press (Electro^Mechanico, model 
106 W) with a stationary platform for steadying and centering the arm below the 
drill head. Through the top of the platform was a 1.25 inch diameter opening 
' with a clear plastic fitting that mounted flush with the bottom of the platform. In 
the clear plastic fitting a small opening that was just larger than the drill bit being 
used was centered to the drill head . The clear fitting allowed visual centering 
of the area at which the stratum corneum was to be opened. The depth of drill 
penetration was set at 1 .08 mm below the bottom platform (depth setting 
determined experimentally to give good results) and the drill speed was set at 
1691 rpm. The drill bit selected was a 0.74 mm stainless steel twist drill. 

Sites on the upper forearm that were to have the openings formed were 
initially not pretreated with any form of vacuum or heat These sites were 
compared directly to sites that were pretreated with heat (45° C) and vacuum (- 
10 psig) for 60 seconds over an area of 10 square millimeters. The area was 
then pressed tightly up and centered under the clear plastic fitting, the drill head 
and bit lowered, and the top layer of skin opened with a 3 second application of 
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the rotating drill bit. Vacuum (-10 psig) was reappSed to me opened area for en 
seconds by using a; plastic ffithg having an opening o, diame.e^4 £ mm 
W£. mspecKon of the dri»ed site was carded out using a 20X *£Z ™ 
telescope w„h recover and quantitation ot the inlersiHal fluid was carried out 
usrng a 1 p, capillaty pipaue. The microcapillary pipoBe was tou^dW 
area Werstitia. fluid was seen, and the Wd moved Wo the 

calculate of the volumes (in microliters) of interstitial fluid recovered tL 
results of this example are set forth h Table 2. '^covered. The. 



Average volume 

-*• 

collected (microliters) 
Standard deviation 



n=41 



Table 2 

No gretre atrnent 
0 




Pretreatmfeht 



0.1328 



.0.0534 



Examp le 9 

* 

This example illustrates that the application of vacuum with stretching of 
he skin results in a greater volume of interstitial fluid being obtained after 
formation of the opening. Decreasing the size of the area to which vacuum is 

of interstitia, fluid resuHs in a decrease in recovery of 

• ■ 

The apparatus, the pretreatment. and the forming of the opening in the 
sk,n were carried out as described in Example i. Plastic vacuum collection 
fittings were used. One fitting had a 7.5 mm diameter opening without mesh, 
and two frtbngs had 14.29 mm diameter openings, one without mesh and one 
w,th a 2 mm x 2 mm mesh across the opening. The effect of stretching the skin 
and the effect of ,he area of appHed vacuum can be assessed by the volumes of 
.nterst,t,a« f.u,d recovered. The results of recovery of interstia. fluid are set forth 
in I able 3, 
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Tablg_3 



• * 

* * 

* i »■ ■ 


« upening = 14.29 
mm; mesh used 

i 

I * * - 
i ■ * * 


I Openings 14.29 

1 iTtm* mark mm* 

I niin, mesn not 
[used 


Average volume i 
collected foil) j 


■ « 


0.1328 

- 


Standard j 
deviation (n=4) | 


■ .j 

0 

I 


0.0534 


Hl/sec/area (mm 2 ) [ 

^^^^^^^^^^ 


0 | 


_ 1 38 X 10-5 I 



mm; mesh not 
used 



0;0508 



0.0149 



1.92 x 10~5 

The data in Table 2 show that the use of vacuum and skin stretching is 
necessary to obtain a sufficient ^ - Herstrtia. fluid from a pattern 

^!nyentK>n, and ft should be understood that this invention is 

set forth herein 
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What is claimed is: 

• • , .■ * ■ ' - ■ • 

... 

" - ■ * - ■ ■ ' . * ■ 

.... • • ■ ' 

amf . W an area of the skin with vacuum or heat or hh»h 

b) formmg an opening in the treated area of the skin- and 
(c extracting the sample of interstitial fl„M I 1 

the aid of vacuo. * « ^ V : 

- . * 

- 

— 

from whfch said sample is to be extracted ami> °' **■ **»■■ • 

-ai-ab^^ 

-id sampie is to Joxt'acW W " ^ * s « *" <™, wttich 

to be extracted prior to lormino " ' r ° m which said sam P te 

-id sa mplo is ,o bHTed 9 ^ " Said * ■*.*«-. vvhich . 

to be extracted orior »« fo - ,r ° m Which saSd sa ™ple is 

said ~ *— * - «* sKin , J^ h 

y jntersmal flu,d to sa,d area of said skin from ^ said sarnpfe fa 
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• . ♦ 

* » * • 

> 

to be extracted prior to forming said opening in said area of said skin from which 

- •■ • • . • . ■ ... ■ 

said sample is to be extracted. 

» - . 

* • ■ 

■ » • ■ . 

• ■ 

* * . * ■ * 

8 The method of claim 1 , wherein said opening in said area of said 
skin from which the sample is to be extracted is formed by a rotating opening- 
forming device. 

9. The method of claim 8, wherein said rotating opening-forming 
device is a drill. < 

' * . * 

10. The methodof claim 8, wherein said rotating opening-forming 
device is a lancet. 

■ - * ■ .* 

11. The method of claim 1, Wherein said extracted sample is analyzed 

«... . t . ■ ■ 

by means of a glucose detector. 

- 

12. The method of claim 11, wherein said glucose detector employs 
an optical meter. 

• - « 

13. The method of claim 11, wherein said glucose detector employs 
an electrochemical meter. 

- 

14. The method of claim 8, wherein said rotating drill penetrates said 
skin to a depth of no more than 1 .0 mm. 

- 

15. The method of claim 1, wherein said opening in said area of said 

■ • ■ - * . ■ 

skin from which the sample is to be extracted is formed by a laser. 

16. The method of claim 1, wherein said interstitial fluid is obtained 

». ■ 

: 

frbm a part of the body other than a finger. 

17. The method of claim 1 , wherein said interstitial fluid is obtained at 
a pain level lower than that experienced when a finger is pierced by a standard 
finger lancet. 
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aM .w 18 f 3,iParatUS ^ SUitab,e f ° r ° b,aining 3 ^P'e of interstitial fluid for 
analyse in a diagnostic test, said apparatus comprising: 

ffnm ™: a ^ ViCe unobstructed opening in an area of skin 

from which said sample is to be extracted; and 

(b) a vacuum pump for extracting said sample from said unobstructed 
opening in said area of said skin. 



19. 



The apparatus of claim 18, further including a housing. 



nn K , 2 ^^ eaPParatUSO, C,a ^ ^ 

unobstructed opening comprises a lancing assembly 

■ * 

21. The apparatus of claim 20, wherein said lancing assembly 

comprises a nosepiece having a seal, whereby a vacuum can be formed 
through the lancing assembly by said vacuum pump. 

- * " * i , 

^ 22. The apparatus of claim 18, wherein said device for forming said 
unobstructed opening is a laser. 

23. The apparatus of claim 18, wherein said device for forming said 
unobstructed opening is a lancing assembly. 

24. The apparatus of claim 23, .wherein said lancing assembly 
compnses a lancet capable of being rotated. 

» • ■ 

* ■ 

25. The apparatus of claim 24 wherein said lancet is capable of being 
retracted after it forms said unobstructed opening in said skin. 

*-"*»_ " w A 

26. The apparatus of claim 23, wherein said lancing assembly 
compnses a drill capable of being rotated. 

27. The apparatus of claim 26 wherein said drill is capable of being 
retracted after it forms said unobstructed opening in said skin. 



28. 



The apparatus of claim 18, further comprising a heating element. 
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* - 



29; The apparatus of claim 1 8, further comprising a glucose detector. 

• ■ ■ 

■ - 

30. The apparatus of claim 29, wherein said glucose detector is an 
electrochemical meter. 

31. The apparatus of cfaim 29, wherein said glucose detector is an 
optical meter. 

32. The apparatus of claim 21 , wherein isaid vacuum is applied by a 
fixture having an area of up to at?out 4 cm 2 . 
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